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ABSTRACT

A theoreticai anialysis of the thermal behavi,,r of -A.aec-Ccooied ihis-i

ioi -ad;,ometerb ;,s carried Ok~t. In txprCXYCbzIUfluit the hevat bialan~s

in the -irculIar soil ot, the radtunwus-tr i,ý.

ine s.teady b.tztc Tttn I &.SubjeLti Lu ertein b'n.ai.u~rx

cundittons. yic.'da uet therrna4s aensa-.vaty: Ay - 4

Thiso relatiusthip wheig appaaed 'n the three radaunreters ii, common

use At NRDL indiicates that they uperditt ;ine~r~y over their e iti*

tAngeb (v tc dU. V tu SQ, anu i. to !"', C;4.; Itot watt., ý maxiiur.ufl error

of 2 percrcs.a 'then mixitornm arradaa-rstc .rt MIient on eat- 1o2., Cunlbdý r-

.ng k constant, the heat balance rqua inor ba uneN:

Soiti.ng. siabjcct, to the tamne boundar? c,..nditaufls. Sy a-vearm ul Itnt

"pCL Tranaftrn.4'auj,, An exr-~w'hr;atu.tame rebQ~ts.

- ul~l 2  Anlvngi~i rrinn..b~i-' h hrer NHDL anstrurr'ents

Iy a reiA( teat 'Lauimeb of 0). W2o. o. Q. an-d D. U4 iscc. rt-'pr4Lavcljy.



SUMMARY

Tht Problern

1-fgn irtensity beams 4t therma& -4-diat~on as a III-tic'e; rn

ijave, in recrent Years, bckr. m~easnled throu~r. t1-e use 01 thlnnfn

rAtoinstera. Un.c w4 the principles ula uperatiun of th~rS- %intrumgI~t,

ha.t been that a heat a~nk ;.n the- 4instrumnent remains at a tonstan:t

temperatkire throughout the .- .rcr~. w4 a Oen-d :.oh;>. i vt..

foal changes in tenaperat,ýrc and hence measuares the Uuwx. However,

it is bel~ieved that in ac isieed tests invoivang h~gt ar~.cnhat, thermal

radiation, Itrc he::t salt doe. nok remain at a constant Iwemperaaure.

F Inuing,

the pleiecnt. stdy is A utriurrtics.&lui ut ihr, thert. At hrhax-nr

oia water-cvuued rsdaournrtvr %it-h warli;.%uiar tosasato y-en to

()the steady sta'e senstl-vity of the thin foal and tij the feauus txn nime

tal te to&, 4timn tw corni to 40s pcrtert t,, steady stawo ten~icrature

&aove ts beat .iialter onset ot krradiaar-..j Inc three radiometers

in c~ommor. -4se at NRI)L ý,1) operate &attCar~v over their rn'.rc rangcb

(0 to I~.L, to Sud. or (, wo IQU Cai4 '.al') with a rnazrn-um err-.ir of less

PU.n Z'#eca¶'-hen ina t.- araa '4*a ~.i~a iOn whe io':; anti

tZj have reaction Untsg at ID. Q1u. 4ý. k#44 aaCd 1i. 6vi o *. r-capectaves)V.

(r



ADh4ThSTPATIVZ DfURtTI(Z

I. BKL&RCIUE 7F 140M

During Y! lgA-. tare U. S. flvt-.!~iiol~~ LefteLse LabcratLr-y warn 6,L',CL
the reepnaliblity by toe ArurI rorves tpecla&1 Weapons Prc.-e-t to dev.Ilop
iaetrtnintzaticm for inaalrifZ Ute lruadiances &.,In tberinCa expoaunse for nuclear
detwocatt.a The field radiometer tin&t &&a 4rvnae43d under this progrem was
S't,4%, InadequatAr for laboratory mduevreawzata. '.be aiced for a reliable tnatru-U
swat .ýr acad1!.g2 'Ile ipvt dlmt

!r!.bltlc of t.berms& la~la~ wn.e foc~al
piano was mandswr- 2;)r tiwca.MLbui.ietiL ,'- - - aa

The vam-ooe aiowter vas U~.cr. cjoogeived a-ad devulo'.a4 b~f the Therml.
ivt~iatiov btua1±es (now The~rasl Feit atira..cb:. RuleYl Ivilon, Zc.lentltic
rnprtpwnt, in approxidatily Oct.aber 1951 for the prlnry- purpomh cf ctcxtintallv
n~t%..3rig the W-It 56 t Vermi~ s012rce. 9uosequtzt .Itvelosmcta of the rater-

ec2ueixismet~r lad W. Tatricatioc. c? ijqpzuved water- cooled I dcatera
desiv~edJ fvt d-Lt~rnDi1 i(4 U.* ij~

4 
dS?.%L;1Q. .- Z !L a r4 MLizPfC*,

nuclear deto=asticn The X " and )C tcehdl thermal s )urces are capakble -if4 rr-ý
lucing a rat 4e of nerc levels frca -,8pot dIowler at approximately

from P8 callcorieec tni, 15cec2ýI~7ec. The 'vnler-c,"fed radjoaster hass beci.
utilized as a secondary atanardn in the ialtb.astlor cf *-he NRLL tbierwai au)urces,.

Wster-cooled rsaicote'rer Uave been deveicped. fabriý_ac-e.. .; _1...flrs' 'rd by
tlflg 1*bonatcr'- lor lie ty virtually a&.1 :tpe: taezbt of >efep tirust~:~
%ba~t atre evapge4d Ln th ce.tIbntlý... -.4 Uat-ruI, mc,4cee " solar furnaces.

This r'ept..rt i. v.a-.~cr ed with a refizeemt-i _f thLc 2eurretcah. Laad.L.a ,f
,tw rsoacencter for both ;4e stered3 nila tiUiLtNLC. 04.0%M. fLW %.&AC SMMWUWi---
U1-*ranl Irnsdlaace.

UI. AaiJwIXKZATI(M AND "D.OGn

Mwe work dis cussed i-n this report wau initially sponsored by the Bureau
of %Llps, izdur Project Ruaber L-3-U.entit.ea ý*ie trrects ot Atomic
Wercebada and Ytdiul.ý_wi ml telding," Sub~tabk 3.4I., "Department of Laborator~y
SOuI,_t: of' Therm]. Ihdiatin,w Ttebnlcal (.tjecttve AW-7. Financial support



st~pport of tWi type of program has been continuously fumded by the Azmnd Forces
Special. W~eapon Project.

In. zEsciRrzww CWWR

The work reported bereta- 1k concerned with the aV,'licaflcsD Of the- TAeP1er
Trmaafornwticn Theory tU th- solution of the trtxjieut Beat nlov Problem. fle
s'zhxuticns to the problem give a r'sune of the sensitivity or the natcr-coc>.et¶
relcoiter ir -. ism of Ita pysiclal diatnalca asa wfl- as the response time
raqiui~ed to -"acb 90 percent of the utaa4y state conditioc..



IN'TRODUcYiON

Thin fald radiometlers fur tier Zs-lclurei;ciit of hia&; .Itrnalty bcanis of
thernsi-I radiation as a fui.t:.ct, of ";n.t- !_. C omt- :nto increasing use
in tie detqrmnaataor. of the flux from suoar furnaces and nutlear
riplonationb. as well s•s iromn labrt.,toly sour-ces of hqgji aitcriLsat'
thermal radiation. One s.•ch type uf ltstrdment is shov.r. in Fig. I. it
consists bast-.a.iy of a thin foil mounf'tl -ver a hole ir a heat sink ,*hi,.!,
to mra.ntaznrd At a tonstant temperature by a .lrculating stream o' water.

nhe !ermperat"rr !tfirerertlial brtwren the -rnter and the edge of the fo2:
as a meAsaire of the tncidrnt th1". 1 him t-ýmperaturr dalterenttal is
measured ty mnel.S of a uikcr-co'sta:.tz. therrr.tuu.aple -Ahch gen rateLs
an eletria1,-l voltag', Lrrespor.u.ng .u the temperatlare ailterential
r'ev',oped. Anot-cr type W fo: radiorneger, developed pact:cuiarI', for

use in feld trsts. ;t provided with a large copper blotk for L heat 513.k

ha ving no 0t6AC k.w:. .A;.k( s ) tet;.. The relat1 ,-' ' ,- :.d -e Usern. al Lapacity
o! ?he topper block tonsa to mairicaan the tCiziprr.r.rr - uL "O.c sink constart.
%ith respect to that of the foil %%her. the inc~dent 'rradIanc is 1o0 At Lou
high a IlVel. HoWever. ;t 's belevre that in actua! field tests imoaZn
hMgh, irtenaity thrrtrnal radiation. e. k. . -uý leaIr 'Aapons tests, tz- tem-
pcr .,t.re u! :!.e copper Mvlock UorS .ot. ii fat. retadmi Lonsitaxt. Th;s
prou.des a aour-t: of error ihi•¾ ;as difficult to estmate.

is. the pru-scn't study a thrurrtit.ml analysis ot the tlt rm.±i bch..'.':_,r -0 ars
instrument oj the waAtrr-coulrd type is uridc-rtakran is, wkhich parti.ular
considerartiun is given to the steady staite sensitivity aid to the ir--.IZu,

Utinr. 'ahich fur prearset purpus-* is defined as th-? timer for the iofa to
comen to 90 percenit of its full steady state temperature above that ol the
suak alter the ons.et of irradiance. Any ifft'st on the performance of the
"instrun.•not due to the reaction of the thermocouple are entirely tzeglecttd.
However, it is noted that these effects may not be negligible, and hence
the actual performance of any instrument of the type discussed maay
differ some%&hAt from its performance herein predicted.

Consider a circular foil of. thickness, d. and radius, R. which is in
wa contact at its circumference with a large heat sink supposedly maintained

at a constant temperatu:'e. To. This assumption represents quite
accurately the physical usituation existing in radiometers of the
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Yij I* I hin f',&1 rdu~to)rfleitror r~ra nfd!urt-rut-4,L Ail Vljý Init 11.

to t-mi2



-xater-cooied type. 1h2v Iflo is assume~d to absorb thermadl radiation of
inteniaaty. q. on une- f~acc. bcgi'v.ittg at a particular instant of tiune. To
obltuin the differential vqiqition for th~e Lurnpc raturtc At &,iy pouin in i
foil. it is i fle.cisdI'r to consict r the hetbianc t for an elemental ring-

Ncgrecting %ry ttInide raiurt Mr Wdevia bvtt~vnr: ia es of thk. fo.L. as well
as nc~t ios s trorn a iti;er i thk heait balancfe foat the clenI~ihta1 ring
Can he exprersed by the aollwir- g t' un

L~A *~--~ 2r .(r)d. I,

iir s loil ttizipi ri- -z[ i .. uus. r.* ti..ciu.tss. d. auii tuime. t. fe
trori. the instant At which irr-iato t;ur ;.g..S ' she tnryrru.AI oLid-.uctiv.ty
of the tou! rnaterial,1 0 ~s .15 cv..s.Li, and thr spec ific hcaL. EqudK~oii

u.! rn~SI~ urpi.firs !C'

. ~ . c :U;4 do.l4 r a nod. 1 o:.

T T., .t - 0..ia

T 1~ dtr R. for aOu. 4

To dis. use ti-c senwivi~ty of . irt. -',~r fu.' r.cuo~n.- ter, %%r need consida r
on'iy the btr.uv stdtr ov to to Eq . v. e. tha- so~utioun lr %hlt h0 j .Ljr .1 t .C *U k-I) La.6a UiI ' l

A 0  -~U tiC~ U].U~ ) .ti. .4 j . i. 0t~ vi.

--triation of tl.trisidi i,.c~vt~ urding to i t-16e~tion.

11Z o( + LTrj. (5)

then vYuih 4br/ct U. Lq (Z) becoino-s

.- iI + T -. l CL + -w - a. [&I
d r U dr) r dr kU d

o r

r r d rj ,0 d

1 3



S;LvER FOiL

-- I i ' I -

i•g. Z. Scnemiuc diagram. of. thin foil, mrounted over a hoic" ;r. a
he-at smrL. i'or analysizs of heat baiancr-, an eiementai r;rng offoil matertai ol raws r and width 4r Is co.)sidercd.

4



Upon two integrations, the general solution is found to be

T+..2-- +L - c, l o g r +G . (8)
2 4k d0

infinite at r ý U. ýhe must speLci) that C 1  0.

The torstdnt C, m.ty now be evaluatd by impsing the couditiun that
T - T at r R. i.e., Eq k4). Thus.

,- T '
0 2 4kodt

and the rcquarca stcao state solution is

T -- To 1 9 t' - rZ' (10)T -"o * , ' ..z, 4kod

Defining A to be liae diflereaýt between the steady-state ten;prratare of
the center of the Lou and tnat of .3 to.rcumtercza:ic. %e then have

and from UIU).

1 Tojj 4K,,6 (0Z)

This can also be wr:trrn as

&(I -4kO d (13)L 4kod

Also, it we pat

Tm 2 * T

theUn T is the arithmnetit. mn•v ot l" and T. thr tetiperrturt at the
center. and cq (i2) can be writtcn as

9Ik~ (1s)L 4kod

Equation (12). or the alternative lorms (13) or (15), defines the
sensitivity of a circular foil radion0tic" in terrns of the temperature

difference A produced by radiation of intensity q. Thus from (13)

Sensitivity : R1 (16)

q 4kod 1 4 T. +-

5



Clearly &is not 'A generzl a linear luntn, qulssa 0 i hc
case therep is no variation uif thermail coaiductivity with temperature.
Also it i5 evid 'ent that the scn~tativity is dcpendcnMt upon To. the temper-
ature vi the sink, as well as upon q uinle&Ls a V.This, beema tW have
been tLvcrlouked Lfl Ct~rdioa & AnalySlS'

T-fo )rvrbkig.2te mort; ir .jl he drpv~i~drn~t- v;' A ;rn bojth wetl ' 0
ZhL:t ?%armine the appr-vpridtv solution to £9q 1i). SZIL1q (1 5) is a
qtuadratic in 4. thcre wzli -eLo rkoots of which ,,nl:, ,'nv i, of Ph)stCAl
intcrest r. the prcscnt dib,.us!Alun. Wraltng Eq ;1 3) ate ivrcnŽ

2-+U u 0 ),A q t5 'j 7)

where (4' ,tausx tor qftt-4' c we iaiu it.: the two tooth os ti%7j

0 A .a M 1 ... ~'L 1 i14$)

Ph)!sac.a; ~on!s-,czrtivnx lecad uis to retain only that rvcot, 6;, thbe
pns;ti're 5Sitit.jn to isv itkeni beltore !tvvr,' I th-s brina the nnly rt'u
Wha~h rCdULts to Zru (or q 0 (.

lntred--i' -rig theýk ,vrie% CXpaUS.on vi ti~ radica! iant "&t-n~a~vav retlaining

only terms 01 thr jirst pvuAcr r, Othe hrn4i;, csntýtsrb, 3T 0And aoq'.N e

tromf whicl. Thu r'Jf.(% A, -ol - .ar aw~ong~ - ,, and;c, an be a-
asce rt3 ted,

At this Pon1t -t Wais he advariragrocs to dis9cuss a scti t;tz~
exarr-pir. A .inninm amtrimamet ii, u~se 6y The Tkhrrmal haL'siataon branchj

at NRDL ;!s thy iW -Au' -.. r~dIOMetcr. hs.s A water - tý.ouled, ii'.yrtil
irtbtrumcent desigisud to, -,~ :1 t rankLt.I q LD !LaicZ ae For
tsir Aiaoi.trit-na R . in aind d - ti.MOb'54 c~m. Thc vd'ueb ul k. idfl
a as listted in te -nvrrnJz:ona, Critical lIAbtss *410 .(~iG/.- eQec" C
,and a 1. 7 A I u- C. wh.cti sirt valid sr! t!,,L icrnperaturV2 range - &0C

' Ga~da~a. -A Sr IPA, ?Sb' -53s



For thi& case we then h"-e;

lG . 7 xlu-4x TO' (zu)

4 kod t4)U(.UUl) t.0u254)

and -Laq - 'b-3 (1.Y#9) x lU Uq 3 x IzV'q. (2

Ihub. accotdiiig 'u V Ls 'i'4) awli (.4; chanigv in hc %ink trrnp.-rature ,

from 0"HG Wi I tUiA C wvinad on. y produ6,cc a c haIIM in -01 vt I. - 7 prkrtcn.
.However, assumning the .. i1-c uS al to remalix ibout the same fur higher
temperattures, an. inLrea~r ol 1, to UI! L;ýC cnuld resuilt iii ib muich As
1? per( ent chsnutt :ui A. 1-r 'he salle \aiUC i;q This Is an, imrportant
fact to keep in m'''d v--h 'rn ui:nw f;!-.! tr at, Xtri-e lly hio~is
ambient te..peratirci.

Equaticn. 19) Indizates that a, -s a qua.drati cyo1ation i . ti, Ai~cn first

order tcrmp in eq- are ret4t;nec,. Hr-e. ,cr, at coTcflfg zu Lq -:ZJ, the
departure from ~inedritv for the R14W-litU radiometer is only i. 3') pericent
when q hai its nmaxis-un. xa~ur of I ii (,s. -cmnz art. For uwecr va!ýur
of q the quadratuý terni. ~s U! r!%en .rbb imnportance.

Surnmmarizing. -Ac niay say that the -- -radtumeter ('PC Talus :ca4
ovcr ,to entire range oi -I A- LA.j,M &C.m %e ith a traxImnum error oR
less mran Z percent whncr maximrum LrraOiian~e :ý --tid, aeit on hthel-.

With regard to the sin terznr.pr .,it1 '0A, LýA% been %r-uiv'. :h.at V.Irialt.ons

infl ut L, ..... "*L.; i.n the tange of.; . wii, producet! age
in A. %j, lets thin 4 ptr~ecnt.

The RW-10 arid RW-Su, are two other radiOmeter.S III ;.NC by thu
T'heyrrial Radi~al.on Branchm at NUDE drsigned to cover the range.m

C' q I 1G. and L, 1 q ' SIb 4CA,.n - beL , rrspccýtive4y. Like Ow

PV W 1 uu they art buth ý,atcr-. ouled, ýsi;%r Roil inatruni-urts. ior whi,11
U V.ZS4 cm a-nd d - uul7cm. for the ltW-1,0. arad R U. 127. ý1&j aaau

r. =Oulicm for the: RW -SU. Ai ini tse Lase of thc 14W-hUO it cani
bhe shown that both the MW-li) zn.id RW-5U radiomecterso uperAtt linlearly

over their entire ranges of irrt-diance with a mkirnium error o1 leis
than Z percent when the irradian-ce is a maximum. The effect of To iii,
of course, the samne asi for the RW-IOU bince this effect is iUdt~pendcnt
ol R. d. or q, and depends only on a .

- ablesot I mieflCrza for tS three.. abv-etoe ,&.ab.tr C,,ta

is listed together with the mnaxirmum percent error at full scale operation
due to the effect of non-linearity.

I 7



It should be notud that the pre.-ent discu,ýiori ha, u £titid any disciAbsion

of the vffcctz of r~ Aneiiwriy in. the th#ernioup~v- uskdk for n-vaburing
the, temperature difivrt-tcv A, Actually, ihv oatput ui2 thesie instrurents
isi a tbh rmocouple vol1tage, %%hiýh "J', rd1evi t thc iirn-lincaritv Ui t~he

thervicouple as w~'i dz that vf the~ radiumecer )tef A'&!o, the tink~

tcnmperaturtejTO)will A~ffect th~e optiration of the tbermucoŽiple t,. -A cert~i--
e~xtent., It ,ht)%-d thvifore not bc expec~cd !hat thic iisrc perlcrmas
of these' mnsTi ~onts wi', corouzrm cxat~ to the: ligue given abo-e ar~d in

Table 1.

Senoliv~tI41 AnTa11V& ,ff-e

Insr~*iument

d jM) . uL 1 cIZ", U. U0254

0

~~1. 3:,

E maxmur percrnt error at full du~e to tson-ii-arity.

;time tu re-ach 1ý pvrzei1 of iu,.,c

OF~ RL XSIPONSI;

To dtvter.rniis t1'tr bpttd of a kirculiar fuil r.adiomt~tcr bj
arnalyfic mr~hods we require t~k Autlullu tv iEq (4) tur the. ltscdeptnderit

case. If it he acsunard tl~at k ia m1pndep~4nt of I1. :. e. , th.at a ::0 it is.
not hard to find 'the time -dcpt uder~l hulutiun to Eq kZ) which satisfies (3)
ana (4). The as.zurption of conm.ti'nt k should actually niAke little
di.lexuce ixm the. determnintiozn of the rebpomiv tinit.



With the asstumiption of k constant, Eq (2) reduces to

ý' _T 1 T 14 b _(3

3r 2  r (r kd 3t
k

where L.

which is t) Le solved ,*ibjCLt to Eqs (3) and (4).

The solution can. conveniently he carri-d out by means of the LapIaLc
Transiormation.

Before proceeding 'ath this. howevnr, it will facilitate rnatterz to
introduce the nev. variable a . deitned as

Thus b Aill satisfy Eq (23). as .t-il as the boundary conditions

0 U. at r R, t)U, (25.
and ft o. at t U. for all r. (20)

Appl'v-g the Laplace transfurmation to the variablp 8. and defining

(•Z7)

the subsidiary "equations lor 0 are

1 r r pr pkd

wahere az =:P (29)

with the condition that

i = 0. a, r :R. (30)

The general solution to Eq (28) is

1 Ala or) + BKo(Sr) + _cd (31)p'a•cd"

where A and B are arbitrary constants, aid I1 (s9r) and K_(sr) are
indiiied Besse! functions. since K,(sr)-+4as r --- 0. it is clear
that we must put B = 0. The constant A can then be determined by

- mposig the condition expressed in Eq (30). i.e..
Ala(sR) + _.0. (32)

q
.9? •• -• • , -: . ..



Hence the desircd solution is

-. ~. - Jai4J.(33)

To find e. Ae no'& take the inversc Lapidt' Iraisturmn (L ;ox v. ihu&

P±= K- 4j '0tLHd + ) IZý 134

Fromn any tabl 4o Laplace tr-Ansformas

And by the co~mpicA irc- r siur4, thrurtm

.00

tP- at 10 HI

v.he rv

the tntegrand in 1-q ;q 9t ~ ;ngire -- ii'n funrirt or of Awu-er tne entire

c omnplex A p la ne- hu relurv. c,.!. bv .#-a>-t~rr by fincdink the residues
at the poles, Exa-mirta¶.t): b; ! thit %t' v~rt is a ti.%ublc pate at X ,
and simple poles it tkhe zeros tif l 0)kýpj1

TO find the residule 'it tht pul- X- G. ase tti~ pov, r series for tne 8ýsjev
functions. i. r. * r

I.ArV

and for V 0 this r 'tic s to

fH , ..rI'

I ~/Zr 2  + 4/~) +/ ~

* Sncetb- zrcz~f ~~n) ic- arlut OUthV negiivc ical axUi and &'cs fIa- 10(o-;r) is anaYIyfl

4any hialf plane: to thc righit of but not tficludiiig me xtigin. p 2 TO-7-Rs



Thus, near 0\ assuming R > r, the- integrand lUoka like

ii~4.~t+ %t _(+.- jr4 +
¶4 64

3W7

b4

)cu L)t(4
-44

444

t-I4 k

zovol 1f Ic, tj, i. e. ,'i x,~ "here 0 'ire the ruots (all real) of
ni n

Since th'eAr' 4tk sinmple poL)e.'. Ih: residue& wild bec given by

!e "~F f~~';
Lialag~~ d),L~ ta

lul$ C 4j

where~ and are R)iayBselfntos



We then have the result that

-t ft R-r~ I Jo. k (rar)

Ii - j

RR- rz "- J (fnr t- 4, e ft'

nzl

Tkna, fromn Equation (34i)

q ~5 Jo0 r1~rJ( r 3
For very iarge t the exponentiI terms rnay be disregarded. atid 6
rCdtAces to the steady statt value

Qsr K & r? as t -4 CIO (39)
kd 4

Thi• agrees 'Aith Eq ý1O) when Q.- 0 and 0 is put equal to T- To.

For layre t. at r U. Equation (381 recutes to,

f- " Zq, i- ý• '
_L _t. .kL AIýýR
'lýd cK (I R ;~ (~H

IkTL J * (0_j 1 4(8 R)J

or (at
-a ( 40)

SIZ

Thus, %iu__ I8 (1

* ui~t J(O) v. I &cJstnc-c all fte kuih in the IiumuawiO may be nrglected cc~mpaied to the !--tnft Ics ~y



Using tables of Bessel functiunb, w: itad

R= Z.405

J 1JR) =0.519

and. therefore.

h (Z~. 4 uYt/R' I4= l.II •(4Z)

j; nd L t ee tIie r tr thv ct:ir o h CIrTLU~ I d1 f radiun ict cr to rcaL h ¢ trc MpraliVrt
,within Io perent of its steady state temperature, put (r- e )/6 a equal

to I1V-1 inbq S4i.i.e.,

-12. 4u5)'*/rtR2

an--d taking lug 2 o of both sidcs

log, 0 (]. llj - (2.u405)Z€r logOe

or lOg 1 •,(l. DIV -1

Rz ..4u5)z logl;e. (43)

- •5 .....LZ 0.4lb

05 8f .4343)j

This.

-r-( 1j)j (44)

.n Gardun's ai.dlyb~s, prc'iuusiý refcrre-d to, sn appruxirnmale expo)net:ial
solutiot, for thc tmic-dependent problmt t. ubLt-.z.cd ALA--h yicld- a
value otj 2S) R,

k
corresponding to a value of

- 0.368

13



Fronm this it follows that a value of

K

is required for 0 to be within 10 percent of its steady state value, i. e.. for

0 - 0
3

-- z 0.10
$

.*However. the more rigurov.: solutiovi d.)riv- d above indicates a sonvwbn',-
faster approach to the steady state since it has been shown that when
Eq (44) is satisfied. B is very nearly within 10 percext of its steady state
valae.

Actually. the rigorous solution to the time-depuntider.t problem, g.ver: a.

Eq (38) shows that. in general.. 0 dots not htve a aimple exponential timn
dependence. but only approe, hes an. cxponvrntial beh-,aaior io 1a rr, %-uats
of the time. It can be sho-iA, ttltt the large time approximatioi. ,, .
with negligibie error, for computing the rc.ttutn timnT' ams wt j.4% i ,

Using Eq (44). the values of the r,•action irnt ?'rcq.,red, to reach
90 percent of Lull value nave b:tt. calculated for each of the ,hrce
instruments ailrady discussed. Tnreiv values 4rr mnciideul ir, Tabi .
The value of the diffusmiviy. 4. of silver - t roL.wcd from the bas a.
definition C= k/pc. here k 1.00; Cal/tcm. at-( . C, /0 1-.45 gRm/cc.
and c 0. 057 Cali/gm 0 C.

Approved by:

A. GUTHRIE
hlead. Nucleonis Divissoi,

For tie S.aentufic Director

14



-e, 611 Dr1r, e-fr

* BuLreau 'at ME..aAtA-G L%ýOG*a4

-. ; cýa .-.lies £r.C Accounts bý;oC ' ce
1>1..a C 5* urnu of Yprrd, and Dc~zxa (L.-Au

'.o- Y~rK Iways] £:_ipyard (hKater-a Lab.)
XP-2 D~e~tr, ~:a1 iteara, LaIratry (::de Z222&

ft N avali Cs-11.(C S])
"13 e -, i - Code '

- :_- iiE. wasearch ornc ffice, 5F
Z. c NA-;Al "nil, Ar%-4 Lhemicai O~nter

'U~ .-i - - d .1 aJit.erafl tMa3. and Ea'e.. L.ai-,

;orr~a . *nLr, ItiIlmidSel -A

4P -;7c reasuje ."a~ad
1.7 Qu at.L. aTo rairnin. ,,antar, i~'epx

*.*4e-s te£:2 kza*re-

A? iN~.e o a.o s..t .~in Centar , Akia:,tic

w -. o.m.r, Aa~a'.i rC t a~o'raf,;r..FŽ -..- vor 5;'Ju.,63

55 iav~J.Cri--rce, ýLiL.".c kJset. (acde U}i)

j 5 5 -71 C-2s1I cA aethcL id DeveolU~ae~t. (Atouiic Div.)
>-59 CLfilLO- ut Abt,ibW-&xa d.a ý La1f I,3~-z

Chief waS~ia~ ~DD:
6 1 Chief of &ind.nvera cr:G,5
62 Chief of Trax;4portation (W\ Teckadical C~A~tLoe)
63, CaieL fUtc
64 BAflistlo Resta~rch Laboratories
65 The Wiartermazter CGra;raJ.



66 CG, Cheau.cal Corps Res. anid D-v. Coziumd
67 Hq., Chemical Cvorp,. 1ateriel Co~m~ne

6.8 Prestident, C?'emical Corps Baard
69 CO, %ei.1Corps TrainiLL& C,'wiaand (Library)
70-71 CO, Chemical Warfare Laboratw>ries
72-.74 CC, Aberda~n Proving.Growid
75 Office of Chiief Sitgiu Officer (S1GiRD.-8ii
76 CO, Army Uedlica1 Raýe,"rck L&Lurat~orT

77Director, Walter :Ioid. Axzy ra~~.XCnt-er
78 C0G CozitinenttlJ Aru-y Co~mazn (ATýL;41-l)
79-8SG OG, ý.uarterzaeter Res. and &.CorzAnd
81 Direotor, Qperat ions itemearch Uffice kLiuri~rian')
82 CO, Dugurq Iroving around
83 U3.S. Ar~y 11loctrcoric Iýrvvug Ground

"-86 The Surgeon 5we~rn) L(I4WU)
V7 (if fi6 of Quartermaster Gei~ral NU& Div.)
as Office uf iL)rdn&.,% LZesearch

89 0CO, ),.S. Zry~g'-a R&D L&Loraw~ry
90 CC, Z~t'ineer los~. end Day. L~boratory (Li~.rary)
91 CG, Znrlreer fleý. %nd Dev. Laxoratori (Tecb.Sztuvqrt Br-'
92 ^ýC, Trarz;orta*U'.L. Has. and D)ev. Com.nd

95 Director, vattrways LUperiztent L
96 CG, Lrd;.-nce-TZar* kuwtv -- Cj~zWG1
97 CU, Ordna;.hco kaerials Researe- L~ff ice, -i-rt.oun
98 C0, *iat~rLvtn Arsstiai

99 CC, Frsd'.Sczrd Ir3ei*1.

X02 A~rmy Ball-istic li--:sie Agenc)

1.3 Asaiswt~a. Cnist of Swff, Intell~igence
104 Comiandr, Air Ma~r.LCocssand ("M1)
105-109 Cwunjgaader, v~r~i~t A~r DsveloyaemdL Cent.r (eALkT)
11W Cow~ndsc,., Air ?#a. aud Dov. Coaaw~rd tRD-44)
lu DirectoratA of Iris t-.21aitiotsa (AiVIX-ESY
1.12-11,3 D±.rectcr, UJSAF kPro.~ict A~
114-2.15 Cw. ~rca;, i of Aviat~ioni Uedicinei, Randolph AFB
116 CC, Strat..gix Air Cccaiu4 (( Gsratiuns Ana1.yaij Office)
117-121 Cocmmander, Special iweapona Centoor, Kirtland AFB
122 Director, Air University Library, Maxwll AFB
123-124 Commander, Tecitnical Tfrainizw, A'ing, 341.5th T-Te
125 CG, Cambridge Re search Center (CELZT)
31;6-127 CG, Cwn~ride Raeoariab Genfex (ChQST-z)

Urf= DOD ACTIVITIS.3

128-137 Chief, Armed Forces Special Weapons Pro ject
138-142 Commander, FC/AFSi4F, Sardia Base (FCi'kV)

16

k4



211' Css~a ander, FC!AJ•&.P. Sa:ndi*a Bas~e (FGTO Library)
4144 Coxra.iander., FO/AFJ~i}, Sandia .Base (FOI)

"1.5 (JiG, Ltverczors' Branc:k., FC/AF.iitP
Die'c,.'aon 44aa Zvaluation Qv-uup

147 AS6;-5Lant Seita of Defens (kss and Dev.)
142li? Azuid Sor-rLcea7..a-ca Lfr tingercy

It ~-i' . C" a *f- Clvl.ar. aad, rsr.n-. Mobilizat~ion

A-,:- irc-ducts3, Inc.
1 ~ ~ h Ai zretCffize. C>rtuv, ot Aorth

ý- ' Ariorv'e t~crlt*ear-ch :'oap±Lal-
,.. 1..i ki'-onr. itoall Labtoratory

1;AtoMIC ~. ZISUAIlty Cwaaniasian

192-e L..

1I319 B- to' la *'

$4 cn 2.nit 3 ,eratn6,11C

22~ dihn: Q~cn =poraL.tion

2 19 -ZXI Gejrsr I EiectrL anan (A:40)
=21-226 *Alanai 8 Ceatrc: Cccpar 0 , £ucri:ard
227. Gnr Sig t-rxcCiQ .uy San Jose

uw~rsi. Z;cb &akanscri.-4 Corporati.on

23C-ZM Gv''iv..rAtomic Corp,>ration
23. Grand Jwt.ct.-n 2peratiorzs Offi4ce
233-Z34 I.aSti.te as ej 235-2',7 Knolls Atomi.: Power L&Loratory
238-239 Locikbeed Aircraft- Corporation, Marietta

¶2140 -22. Los Ala~mos Scientific Labca-atry

- I Love lace rouncation

244 kýartin Company,
2455-4. )idtuestern UniversitiAs Research Association

- ** 17

1".., 060-
7. - *



247 Mound Laboratory
24a Natiortl Aeronautico and Space Administration
24.9-250 National Bureau of Standards (Taylor)
251 National Burcau of Stnndaxds (Library)
252 National Lead Company of Ohio
253 New Brunswick Area Office
254-255 New York Operations Office
256 New York University
257-258 Nuclear L-velopmeut Corporation of America
259 Nuclear Metals, lnc.
260 Oak Ridge Institute of Nuclear Studisa
26l ?atont Branch, -;astdngton
262-263 Penesylvania 5tate University (Bianchard)
264-267 Phillips PoerrlouL Company
268 Power Reector LDvelorsvent Company
^69-;el Pratt and Alit.nsy A-rcra/t- Divisioa
272 Princerton Univerzity (pilite)
273-Z74 Public Healti: Service, .aahint.&on
27F Public Health Service, Sav~ni-•.a
276 oewselaer Poly Lteaii Insitut4e
277 Sandi.a Corjporation
27,B Sieveoaf Institu..te of Tec?,solo~y
279 Sylvaria Zlectric kroducte, Inc.
280 Teflical Research Crouj.
281 Tezneesoe Valley Ai.t.orlty
282 Texas Nuclear Corporation
283-a84 Union Carbide Nuclear oomi.&ny (RQ)P)
285-289 Union :arbi.de Nuclear Ccaupary (ChNL)
290 Urnica ^arbide Nu lar Company (0.ducah Plant)
291 U.S. GeoloFical Survey, Diver
292 U.S. Geological S~vey, Usnlo Park
293 U.S. Geologi..al Survey-, Naval Gun Factory
294 'jS. G*:,logisal Survey, Aasi.ington
295 U.S. Patent OVffice
296 UJCA Medical Research. Laboratory
297 University vi ý lif.rnia, San Francisco
298-299 University of California Lawrerce Radiation Lab., Berkeley
30C-303 University of California Larence adiation Lab., Liver--ore
304 University of Puerto Rico
305 Uaiverbity of ho•L..itsr (T.Liui,.cal H*-ort Unit)
306-307 L"niversity of Roct-oster (Larshak)
308-309 University of .;shington (Geballe)
310 University of .,ashington (Rohde)
311 Vitro Ingineering Division
312 Festinghouse I4.lectric Corporatlon (Schafer)
313 Tale Usiversity (Breit)
314 Tale University (Schultz)
315 YUnkee Atomic 7lectric Company
S36-340 Tecbnical Information Service, Oak Rid&e

USNRDL

341-37 sn, Technical Information Division

" ! 2a April.. .185



UNCLASSIFIED

Airmed Services le olc Information Aigeocy
ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA

- 7!1 -- juwr



Defense Special Weapons Agency
6801 Telegraph Road

"Alexandria, Virginia 22310-3398
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ATTENTION: OMI/Mr. William Bush (Security)
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The Defense Special Weapons Agency Security Office (OPSSI)
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AD-216542 AFSWP-1119 (USNRDL-TR-311)
Theoretical Analysis of Radiometer Performance,
13 January 1959 by H. G. Ferris.

Distribution statement "A" now applies.

ARDITH JARRETT
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